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Programmed death ligand 1 (PD-L1) is an immune regulatory ligand
that binds to the T-cell immune check point programmed death 1.
Tumor expression of PD-L1 is correlated with immune suppression
and poor prognosis. It is also correlated with therapeutic efficacy of
programmed death 1 and PD-L1 inhibitors. In vivo imaging may
enable real-time follow-up of changing PD-L1 expression and
heterogeneity evaluation of PD-L1 expression across tumors in
the same subject. We have radiolabeled the PD-L1-binding Affi-
body molecule NOTA-Zpp.1 1 With '8F and evaluated its in vitro
and in vivo binding affinity, targeting, and specificity. Methods:
The affinity of the PD-L1-binding Affibody ligand Zpp_ 1 1 was eval-
uated by surface plasmon resonance. Labeling was accomplished
by maleimide coupling of NOTA to a unique cysteine residue and
chelation of 8F-AIF. In vivo studies were performed in PD-L1-
positive, PD-L1-negative, and mixed tumor-bearing severe com-
bined immunodeficiency mice. Tracer was injected via the tail vein,
and dynamic PET scans were acquired for 90 min, followed by
y-counting biodistribution. Immunohistochemical staining with an
antibody specific for anti-PD-L1 (22C3) was used to evaluate the
tumor distribution of PD-L1. Immunohistochemistry results were
then compared with ex vivo autoradiographic images obtained from
adjacent tissue sections. Results: NOTA-Zpp_ 1 1 was labeled, with
a radiochemical yield of 15.1% =+ 5.6%, radiochemical purity of
96.7% =+ 2.0%, and specific activity of 14.6 = 6.5 GBg/pmol. Sur-
face plasmon resonance showed a NOTA-conjugated ligand bind-
ing affinity of 1 nM. PET imaging demonstrated rapid uptake of
tracer in the PD-L1-positive tumor, whereas the PD-L1-negative
control tumor showed little tracer retention. Tracer clearance from
most organs and blood was quick, with biodistribution showing
prominent kidney retention, low liver uptake, and a significant dif-
ference between PD-L1-positive (percentage injected dose per
gram [%ID/g] = 2.56 = 0.33) and -negative (%ID/g = 0.32 =
0.05) tumors (P = 0.0006). Ex vivo autoradiography showed excel-
lent spatial correlation with immunohistochemistry in mixed tumors.
Conclusion: Our results show that Affibody ligands can be effective
at targeting tumor PD-L1 in vivo, with good specificity and rapid
clearance. Future studies will explore methods to reduce kidney
activity retention and further increase tumor uptake.
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N egative regulators of T cell activity fulfill an important role
in the prevention of autoimmune diseases. The check-point inhib-
itor ligand of programmed death 1 (PD-1), programmed death
ligand 1 (PD-L1) (CD274), can be expressed constitutively by
tumor cells, leading to an anergic T cell phenotype and avoidance
of immune attack. Clinical correlation between PD-L1 tumor
expression and anti—-PD-1 therapy response has been established
for certain malignancies (/), leading to the approval of an
immunohistochemistry-based companion diagnostic for the anti—
PD-1 inhibitor pembrolizumab in non—small cell lung cancer
(2,3). Modulation of PD-L1 expression in tumors has been ob-
served after therapeutic intervention and may be indicative of
incipient mechanisms of immune resistance (4,5).

A real-time in situ read of the expression of PD-L1 within all
tumors in a patient may aid in understanding PD-L1’s role in
tumor response. A PD-L1 PET tracer would allow the interroga-
tion of all metastatic sites of a patient in a single scanning session.
Baseline and repeated scans would enable the evaluation of the
impact of tumor PD-L1 expression heterogeneity on therapy
response and the impact on PD-L1 expression of therapeutics used
in combination with anti—-PD-1/PD-L1 agents. PET and scinti-
graphic imaging against a variety of molecular targets have been
performed in animal models and in the clinic using intact anti-
bodies (6—11). The use of antibodies as tracers requires labeling
with PET isotopes with half-lives of a few days (e.g., 8Zr
and '2*T) due to slow clearance, with patients imaged several days
after tracer injection. Smaller ligands tend to show faster blood
clearance and can be labeled with the more widely available and
shorter-half-life PET radioisotope '3F (109 min), enabling same-
day patient imaging. Image quality may be improved compared
with the longer-lived PET radioisotopes due to the larger positron
emission fraction of '8F and greater injected doses because of a
more favorable dosimetry profile.

Affibody molecules are based on a 58-amino-acid scaffold protein
(12) from which high-affinity PD-L1 binders were selected by phage
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FIGURE 1. Surface plasmon resonance data taken by Biacore instrument for interaction of rat, mouse, human, and rhesus PD-L1 with NOTA-

Zpp-11 1. Binding kinetics were evaluated using kinetics and affinity module in Biacore 4000 Evaluation software.

display. A unique engineered cysteine enables site-specific conjugation
of linkers or chelators for PET and scintigraphic isotopes (/3-16).
Previous Affibody ligands have demonstrated rapid blood clear-
ance and favorable in vivo imaging targeting properties in the
clinic (17-19).

The present study evaluates the in vitro binding properties, in
vivo targeting, ex vivo biodistribution, and ex vivo autoradiogra-
phy compared with anti—-PD-L1 immunohistochemistry of an '8F-
labeled anti-PD-L1 Affibody molecule. Results demonstrate fast
tracer blood clearance and high in vivo targeting specificity for
PD-L1 expressed in xenograft tumors.

MATERIALS AND METHODS

Production of ZPD L1_1

E. coli TTE2 cells (GeneBridges GmBH) were transformed with
plasmids containing the gene fragment encoding the PD-L1—targeting
Affibody ligand with an N terminal 6 X histidine tag, referred to as
His-ZPD L1_1, or a C terminal cysteine residue, referred to as ZPD
L1_1. Cells were cultivated at 37°C in TSB-YE medium and protein
expression was induced with IPTG.

ZPD L1_1 was purified by anion exchange (Q Sepharose Fast Flow
resin; GE Healthcare) followed by reversed-phase chromatography
(SOURCE 15 RPC; GE Healthcare) and the disulfides were reduced
with 20 mM DTT for 1 h at room temperature prior to each
purification step. Buffer exchange to 20 mM HEPES, 1 mM EDTA
(pH 7.2) was carried out using HiPrep 26/10 columns (GE Health-
care). Finally, ZPD-L1_1 was purified on EndoTrap® red columns
(Hyglos) to ensure low endotoxin content.

His-ZPD L1_1 was purified by Immobilized Metal ion Affinity
Chromatography using a His-GraviTrap IMAC column (GE Health-
care). Buffer exchange to phosphate-buffered saline (PBS) (10 mM
phosphate, 137 mM NaCl, 2.68 mM KCI, pH 7.4) was performed
using PD-10 desalting columns (GE Healthcare). The thermal stability
of ZPD L1_1 was analyzed by circular dichroism spectroscopy.

I8F PET oF PROGRAMMED DEATH LiGaND 1

DOTA Conjugation of MEB037.22C3.138 (22C3)

Two milligrams of the human PD-L1-specific murine mAb 22C3
(Merck & Co., Inc.) and 0.11 mg (0.13 pmol) of DOTA-NHS were
stirred together for 18 h at 4°C in Na2HPO4 (0.1 M, pH 8.5). The
reaction was then purified via a Centricon YM-100 Centrifugal Filter
(Millipore Corp.), with the purified DOTA-22C3 collected in ammo-
nium citrate and stored in 100-pL aliquots at —70°C.

64Cu-DOTA-22C3

Two microliters of a *CuCI2 solution in 0.1 M HC were added to
25 g of DOTA-22C3 in 100 L of ammonium citrate (0.1M, pH 5.5).
After the reaction mixture was incubated at 37°C for 30 min and
allowed to cool for 5 min, diethylenetriaminepentaacetic acid (5 pL,
10 mM) was added. The *Cu-DOTA-22C3 was purified via a Bio-
Spin 30 column (Bio-Rad), with radiochemical purity determined
using a Waters 2795 HPLC system equipped with a Waters 2998
UV detector and B-RAM Model 4 radio-HPLC detector using a
TSKgel G3000SWXL size-exclusion column.

Homogenate Binding Studies

Tissue homogenates at 6-8 mg/mL of wet tissue weight were pre-
incubated in Skatron tube strips (SK15776) with assay buffer, or un-
labeled 22C3 antibody (0.5 wM) at room temperature for 30 min in
assay buffer (PBS, pH 7.5, 1:1,000 protease inhibitor, 0.1% bovine
serum albumin). Nondisplaceable binding of ¢*Cu-DOTA- 22C3 was
defined using self-block (0.5 wM unlabeled affibody). **Cu-DOTA-
22C3 concentrations were tested from 0.1 nM to 10 uM. The assay
tubes were incubated at room temperature for 195 min. Following
incubation, the reaction mixtures were transferred by a Skatron Combi
cell harvester onto Skatron GF/C filters (SK11731) soaked in 0.3%
PEI for 30 min at 4°C before use. The filters were promptly washed
with ice-cold wash buffer (PBS, pH 7.5) 3 times, punched into Pico
Pro vials, and then counted in a gamma counter using the %Cu 30-s
protocol. All data were analyzed by nonlinear fit (1-site binding)
model using Prism software (GraphPad Software).
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TABLE 1
Radiochemical Purity, Specific Activity, and Radiochemical
Yield of 18F-AIF-NOTA-Zpp.1 1 and $4Cu-DOTA-22C3

Radiotracer

characteristic ~ 18F-AIF-NOTA-Zpp.11 1 %*Cu-DOTA-22C3

Percentage 96.7 £ 2.0 100
radiochemical
purity

Specific activity
(GBg/pmol)

Percentage
radiochemical

yield

146 £ 6.5 44.5 +19.9

15.1 +5.6 49.6 + 12.3

Data are mean + SD (n = 3).

Immunohistochemistry

Slides containing sections adjacent to those used for ex vivo
autoradiography were fixed in acetone/ethanol (3:1). After incubations
with a monoclonal anti—-PD-L1 antibody (22C3) followed by anti-
mouse IgG polymer (IH-8061; ImmunoBioScience Corp.) and DAB
chromogen (Dako Corp.), the slides were counterstained with hema-
toxylin. 22C3 anti—PD-L1 immunohistochemical staining of SUDHL6
and LOX xenograft tumor samples showed absence of signal in the
negative control tumor, whereas clear membranous and some cyto-
plasmic cell staining could be observed in the LOX sample (Supple-
mental Fig. 1; supplemental materials are available at http://jnm.
snmjournals.org).

Cell Lines

The LOX malignant melanoma cell line was selected because it
expresses PD-L1 constitutively (20). The SUDHL6 lymphoma cell
line was chosen as a negative control because it is reported not to
express PD-L1 (27). The mixed tumor model was intended to
demonstrate the specificity of tracer distribution ex vivo, within the
same subject in a tumor mass with a common blood supply. The
expression level of PD-L1 by the LOX cell line was within the median
of the expression levels evaluated from melanoma tumor samples
(data not shown).

NOTA Conjugation of Zpp_.1 1
To a 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)—
ethylenediaminetetraacetic acid (EDTA) solution containing 5 mg of

Zpp.1 1 were added 3 equivalents of tris(2-carboxyethyl)phosphine in
0.5 mL of 0.2 M ammonium acetate buffer (pH 7.0), which had been
degassed 3 times. The reaction was kept at room temperature for 60 min
before being transferred to an Ultracel 3K Centrifugal Filter and centri-
fuged at 4,000 rpm for 90 min. The solution was then rinsed with 1 mL
of 0.2 M ammonium acetate buffer and the reduced Affibody molecule
transferred to a second reaction vessel in 2 mL of oxygen-free 0.2 M
ammonium acetate buffer (pH 7.0). NOTA-maleimide (4 mg) in 0.5 mL
of 0.2 M ammonium acetate buffer (pH 7.0) was added and the re-
action vessel purged with argon and heated to 40°C for 3 h, at which
point the reaction mixture was transferred to a Ultracel 3K Centrifugal
Filter and centrifuged for 90 min at 4,000 rpm. After the flow-through
was discarded and 2 mL of milliQ water were added, the mixture was
again centrifuged for 90 min and the flow-through discarded. Purified
NOTA- Zpp.1;_; Was collected in 1 mL of milliQ water, lyophilized
and stored at —70°C before use. The purity of the final product was
determined via LC/MS.

18F-AIF-NOTA-Zpp. 1 ¢ Labeling

A cartridge containing '8F-fluoride was first washed with 1.5 mL of
ultrapure water and then '8F-fluoride was eluted with 1.0 mL of 0.4 M
KHCOj5. One hundred microliters of the eluted '3F-fluoride solution
were added to a stem vial charged with 10 nL of acetic acid, 50 p.L of
AICl; (2 mM in 0.1 M NaOAc buffer, pH 4), and 125 pL of NaOAc
(0.1 M, pH 4). The solution was incubated for 2 min at room temper-
ature before 1 mg of NOTA-Zpp.1; 1 in 400 pL of a 1:1 solution of
acetonitrile and NaOAc (0.1 M, pH 4) was added and then heated to
100°C for 15 min. It was then transferred to a vial containing 0.7 mL
of 0.1% formic acid, mixed and purified by high-performance liquid
chromatography (Xselect CSH C18 [Waters]; 250 x 10 mm, 130 pwm)
using a gradient of 10%-30% MeCN in 0.1% formic acid over 15 min
at a flow rate of 5 mL/min. The peak corresponding to 'SF-AlF-
NOTA-Zpp.1; | was collected and the MeCN was removed in vacuo
and transferred to a sterile vial using physiologic saline as a rinse to
yield '8F-AIF-NOTA-Zpp1; ;. Specific activity and radiochemical
purity were determined via a Waters Acquity LC/MS system and a
B-RAM Model 4 radio-high-performance liquid chromatography
(HPLC) detector (IN/US Systems).

Animal Models

All procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee at Merck. Female
severe combined immunodeficiency Beige mice (6-8 wk old) were
ordered from Charles River Laboratories and housed in a temperature-
and humidity-controlled room and on regular diet. LOX-IMVI (LOX)
or SUDHL6 (American Type Culture Collection) cells were cultured
in complete growth medium containing
RPMI 1640 with 10% fetal bovine serum at
37°C with 5% CO,. The growth medium was

changed 2 or 3 times per week, and the cells
were subcultured at a ratio of 1:10 when
needed. Tumors were implanted at the right
shoulder with a subcutaneous injection of
1 x 10 LOX cells in 100 L of phosphate-
buffered saline or 10 x 10 SUDHL6 cells
in 100 pL of phosphate-buffered saline plus
growth factor-reduced Matrigel (1:1). The mice
were used for small-animal PET and ex vivo
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FIGURE 2. Equilibrium saturation curve (left) and Scatchard plot (right) for 64Cu-DOTA-22C3
binding in LOX tumor homogenates, showing saturable binding suggestive of binding to single

target population.
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the tumors reached a mass of 100400 mg.
For the development of the mixture of

LOX and SUDHL6 tumors, the LOX cells

were injected into the SUDHL6 tumors,
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FIGURE 3. Representative PET maximum-intensity-projection images from 30 to 90 min after

18F-AIF-NOTA-Zpp.1_1 administration are shown for mouse xenograph model with LOX tumor (A),
SUDHL6 tumor (B), and LOX tumor after block with 400 pg of NOTA-Zpp_ 1 1 (C). Tumor, kidneys,
and bladder are indicated by arrows, and color scale represents %ID/g tissue.

image plate scanner (Fujifilm Medical Sys-
tems), and the resulting images were pro-
cessed with MCID software (Imaging
Research, Inc.).

RESULTS

Affibody Molecule Characterization
Surface plasmon resonance measure-
ments were used to assess the binding of
NOTA-Zpp 1 ; to mouse, rat, rhesus, and
human PD-L1. Although NOTA-Zpp 1,
showed no measurable binding to either
mouse or rat PD-L1, it was determined to
have a ligand binding affinity (Kp) of 1 nM

which were inoculated about 2 wk early. About 1 wk after
implantation of LOX cells, mice were imaged and the tumors were
harvested for histologic and autoradiographic studies.

PET Data Acquisition and Ex Vivo Biodistribution
Measurements

Mice were anesthetized with isoflurane (4%-5% induction, 1%-3%
maintenance), prepared with tail vein catheters, and placed in a dedicated
small-animal PET scanner (microPET Focus220; Siemens Preclini-
cal Solutions). A 20-min transmission scan with a 3’Co source was
obtained to correct for photon attenuation and scatter. Then 0.2-0.6
MBq of '8F-AIF-NOTA-Zpp.;_; were administered via the tail vein,
and PET list-mode data were collected for 90 min. Immediately after
PET acquisition, the mice were euthanized, and the tumor, heart, lung,
spleen, liver, kidneys, blood, plasma, and muscle were collected and
measured using a y-counter (PerkinElmer). For each mouse, biodis-
tribution measurements were converted into units of percentage
injected dose per gram (%ID/g).

Ex Vivo Autoradiography

The SUDHL6/LOX xenograft tumors removed after imaging were
bisected and immediately frozen. Replicate sets of 14-um-thick cry-
osections were prepared and adhered to glass slides. For autoradiog-
raphy, slides were air dried at room temperature, apposed to a
phosphor imaging plate (TR 2025; Fujifilm Medical Systems), and
exposed overnight. The plates were scanned on a BAS-5000 phosphor

against both human and rhesus PD-L1
(Fig. 1).

Radiolabeling and Homogenate Binding Studies

18F-AIF-NOTA-Zpp.1;_; and *Cu-DOTA-22C3 were obtained
with high radiochemical purity, specific activity, and radio-
chemical yield (Table 1). The concentration of PD-L1 in
LOX tumors was evaluated quantitatively through %*Cu-DOTA-
22C3 homogenate binding studies to understand the potential
for '8F-AIF-NOTA-Zpp.1; ; to saturate the target in vivo.
64Cu-DOTA-22C3 antibody exhibited displaceable and saturable
binding in LOX tumor xenografts expressing PD-L1. As shown
by Scatchard analysis, **Cu-DOTA-22C3 bound to 1 site with
high affinity (Kp = 1.0 nM) and good concentration of available
target (Kp = 5) (Fig. 2). The concentration of PD-L1 in LOX tumor
was approximately 4.9 nM.

PET Data Acquisition and Ex Vivo Biodistribution
Measurements

Representative PET images after '8F-AIF-NOTA-Zpp_11 |
injection are shown in Figure 3, demonstrating highest uptake
in the kidneys and bladder. LOX tumors could be clearly seen
whereas SUDHL6 tumors were not visible. Ex vivo biodistri-
bution measurements (Fig. 4; Table 2) at 90 min after injec-
tion agreed with PET images, and '8F-AlIF-NOTA-Zpp 1 |
uptake was much higher in LOX tumors than SUDHL6 tumors
(Fig. 4). Tissue-to-blood ratios for nontumor tissues in LOX
and SUDHL6 mice did not differ. Blocking with 400 pg of
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vertical axis for kidney is on right because of significantly higher tracer level.
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TABLE 2
Ex Vivo Biodistribution Results for LOX and SUDHL6 Mouse
Xenograph Models 90 Minutes After Injection

Organ or  LOX tumor-bearing SUDHL6 tumor-bearing
tissue SCID mice (n = 6) SCID mice (n = 4)

Blood 0.48 £ 0.10 0.39 + 0.09
Plasma 0.87 £ 0.20 0.62 £ 0.19
Heart 0.37 + 0.06 0.27 + 0.07
Kidney 312.69 + 8.34 25459 + 21.80
Liver 0.98 + 0.10 0.66 + 0.07
Lung 0.96 £ 0.18 0.72 £0.18
Muscle 0.28 + 0.04 0.18 + 0.04
Spleen 0.73 £ 0.11 0.62 + 0.09
Tumor 2.56 + 0.33 0.32 + 0.05

SCID = severe combined immunodeficiency.
Data are mean + SEM (%ID/qg).

NOTA-Zpp.1;_; caused a reduction in '8F-AlF-NOTA-Zpp_1 ;| |
uptake in LOX tumors and also changed the biodistribution,
including faster clearance as indicated by reduced blood uptake
at 90 min.

Prominent renal clearance and retention were observed in
all mice. Blood clearance was rapid, with tumor-to-blood
%1D/g ratios in excess of 5:1 achieved 90 min after injection.
The %ID/g ratio of LOX tumors compared with SUDHL6 was
also high at 7:1. Uptake in most nontumor tissues was low,
with the liver showing the highest uptake (%ID/g = 0.98 =
0.10) after the kidneys (%ID/g = 313 £ 8) in LOX tumor—
bearing mice.

Ex Vivo Autoradiography and Immunohistochemistry
Comparison of the distribution of ex vivo tracer signal and
immunohistochemistry in a mixed LOX and SUDHL6 tumor
provides an additional test of specificity at a more detailed scale
than traditional tissue biodstribution. Ex vivo autoradiography
studies of mixed SUDHL6/LOX xenograft tumors showed het-
erogeneous uptake of '8F-AlIF-NOTA-Zpp.; ;. These areas of

high uptake corresponded to the LOX tumor cell areas showing
signal in 22C3 immunohistochemistry (Fig. 5).

DISCUSSION

PD-L1 is expressed in several malignancies and is associated
with poor prognosis in gastric, esophageal, ovarian, pancreatic,
and urothelial cancers (22,23). Immunotherapeutic use of PD-1
and PD-L1 inhibitors has resulted in durable remissions in renal
carcinoma, lung cancer, melanoma, and bladder cancer (/,3,24,25).
Tumor PD-L1 expression assessed by immunohistochemistry is cor-
related with response to anti-PD-1 and PD-L1 therapies (/,2,4).

Tumor PD-L1 expression can change over time as a result of
therapeutic interventions, such as BRAF inhibitors, chemotherapeu-
tic agents, IFN-y, and TNF-a (5). Repeated biopsy poses difficulties
in obtaining tumor PD-L1 readings over time, or for several meta-
static sites simultaneously. An '8F-labeled fast-clearing PD-L1-
targeting PET tracer would enable whole-body, real-time evaluation
of PD-L1 tumor expression. Longitudinal noninvasive evaluation of
tumor changes in PD-L1 expression may provide a useful tool for
pharmacodynamic evaluation of immunotherapeutic intervention
and identification of therapies that increase tumor immunogenicity
and may increase effectiveness of anti-PD1/PD-L1 therapies (26).

Monoclonal antibodies labeled with PET or SPECT isotopes have
been able to image tumor molecular targets preclinically, including
PD-L1 and other immunooncology targets (27-30). Monoclonal
antibody PET imaging often leads to tumor-to-blood ratios in excess
of 3:1 in some mouse xenografts models but requires imaging to be
performed several days after tracer injection (37). Smaller PD-L1-
binding ligands with clearance, distribution, and targeting temporal
characteristics more closely matched to the half-life of !8F are
clinically desirable because they enable imaging a few hours after
tracer injection, making it logistically easier to incorporate imaging
in therapeutic trials. Affibody ligands, with their relatively fast
clearance and short targeting times, have shown promise as
I8F_based PET imaging agents in preclinical studies (/3,32).

I8F-AIF-NOTA labeling provides a straightforward and reliable
1-step labeling method for ligands that can withstand high tem-
peratures without losing their folding structure (/3,33). An
initial study of the !'3F-AIF -NOTA-PRGD2 peptide binding
a-v-f3-3 has shown favorable clinical biodistribution and tumor
targeting (34). In this study, satisfactory radiochemical purity,

yield, and specific activity in excess of
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14.6 GBg/pmol allowed in vivo static im-
aging and ex vivo biodistribution with
injected activities of about 400 kBq per
subject. Doses of the injected tracer were
kept at approximately 27 pmol to avoid
self-block, which was a concern given the
relatively low LOX tumor PD-L1 concentra-
tion of approximately 4.9 nM. Because the
typical peak tumor %ID/g observed was
about 3, Affibody ligand concentrations in
tumors were kept under approximately
0.4 nM, well below target saturation levels.

It is likely that the low tracer uptake in
most tissues in mice is partly driven by
lack of cross-reactivity of '8F-AIF-NOTA-

FIGURE 5. Ex vivo autoradiography (A-C) and 22C3 immunohistochemistry (D-F) of mixed
SUDHL6/LOX xenograft tumors after '8F-AIF-NOTA-Zpp.. 1 1 administration. Note close spatial
agreement between areas of 18F-AlIF-NOTA-Zpp_ 1 1 activity and 22C3 staining of PD-L1.
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Zpp.L1 1 with mouse PD-L1. In clinical
imaging, binding to tissues that normally
express PD-L1 may lead to a different
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background distribution and clearance than in the mouse.
Zpp.11_; cross-reacts with rhesus monkey PD-L1 with an affinity
similar to human PD-L1 (Fig. 1), allowing for the possibility of
labeling optimization through imaging studies in nonhuman pri-
mates, where PD-L1 background signal should resemble that of
human subjects. Kidney retention is likely due to tubular reup-
take of proteins, where '8F-AlF label is trapped after cleavage of
the Affibody ligand. High clinical kidney radioisotope retention
would limit the injected activity due to dosimetry considerations,
resulting in increased image noise with lower sensitivity to
target-positive lesions. The use of charged linkers coupled with
nonresidualizing fluorinated labels such as 18FBA has shown
low kidney and liver retention in a xenograft mouse model
(35). PET images of spine, joints, and skull show some uptake
indicative of defluorination, which could be mitigated by the use
of other labeling approaches (13).

The uptake of '8F-AIF-NOTA-Zpp1 ; in the LOX xenograft
was lower than reported for other tracers targeting similarly low-
expressing proteins in tumors (36), including a peptidic anti-PD-
L1 tracer (37). It is possible that the unusually fast blood clearance
of ‘SF-AIF-NOTA-ZPD_L]_l led to low target tissue uptake but high
tumor-to-blood ratios. Future studies will explore the kinetics of
the Affibody tracer and its relationship to tumor uptake.

CONCLUSION

The Affibody ligand '8F-AIF-NOTA-Zpp.1; ; showed fast blood
clearance and specific targeting in vivo, with low background in all
normal tissues except the kidneys. Modifications to the linker or
method of radiolabel incorporation along with increases in ligand
affinity should lead to diminished renal and bone uptake and greater
tumor signal, resulting in a higher probability of clinical whole-
body PD-L1 positive tumor detection.
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